Highly perfect single crystal whiskers of Lu 5 Ir 4 Si 10 were successfully grown out of the melt. Details of the surface and morphology of the whiskers are presented. X-ray diffraction data confirmed that the whisker structure has the same tetragonal P4/mbm space group symmetry as bulk single crystals with lattice parameters a = 12.484(1) Å and c= 4.190(2) Å. By means of Field Emission Scanning Electron Microscopy, the morphology of the whiskers has been studied. Using X-ray Laue technique we found that whiskers grow along the c axis direction and all side faces are oriented along the [110] direction. The mosaicity has been measured and is found to be almost perfect: below 0.15° along the c axis. According to our transport measurements performed along the c axis, the whiskers present a sharp superconducting transition at Tc = 4.1K and show a Charge Density Wave (CDW) transition at 77K. From the hysteresis of the temperature dependance of the electrical resistivity study, the CDW transition is found to be of first order.
Introduction
The compounds of the intermetallic series R 5 Ir 4 Si 10 with R = rare-earth exhibit a behaviour where either superconductivity and Charge Density Wave (CDW) ordering or magnetic ordering and CDW ordering coexist in the same material depending on the magnetic or non magnetic nature of the rare earth element R [1 -6]. Among them, the Lu 5 Ir 4 Si 10 compound becomes superconducting at 4 K and shows a strongly coupled CDW transition around 80K [1 -4] . Like the other compounds of those series, Lu 5 Ir 4 Si 10 crystallizes in the tetragonal Sc 5 Co 4 Si 10 type structure with space group P4/mbm [7] . Single crystals of Lu 5 Ir 4 Si 10 are generally grown in a three-arc furnace using a modified Czochralski technique [3, 8] the floating zone technique using an image furnace in Ar atmosphere [9] . In our process to obtain bulk single crystal grown with the modified Czochralski technique, we have observed a spontaneous growth of whiskers out of the under cooled melt. In this paper we describe the morphology, the crystallographic structure refinement and the transport property measurements performed on Lu 5 Ir 4 Si 10 whiskers.
Experimental
A polycrystalline sample of Lu 5 Ir 4 Si 10 was prepared in an induction furnace, in a cold copper crucible and in a high purity argon atmosphere, with a stoichiometric amount of Lu (99.96%, Ames Lab.), Ir (99.9%, Alfa Aesar) and Si (99.9999%, Alfa Aesar). The sample was melted several times to improve its homogeneity. Mass losses during these first steps were less than 0.1%. The polycrystalline sample was then placed in a three-arc furnace in a water cooled copper crucible and in a purified argon atmosphere. The cooling speed seems to be an important parameter for the growth of whiskers. Whiskers appear only when the melt is rapidly cooled in a fraction of a second, but not when the liquid phase is slowly cooled. Under convenient conditions, lots of whiskers can be seen emerging from the polycrystalline solid mass ( 
Results and discussion

Whiskers surface morphology, orientation and mosaicity
From Field Emission Scanning Electron Microscopy observations (FESEM -Zeiss Ultra, all images presented in this paper are secondary electron images) we find that whiskers exhibit a very regular shape of a plate like crystal with typical dimensions: 15 x 60 x 1000 µm 3 We have never observed whiskers with a scroll shape. Observations of the surface reveal typical growth figures resulting of the formation of dendrites ( fig. 3 ). This is not surprising since we have cooled the sample in a fraction of a second. As seen on figure 4-a a growing dendrite is observed on the surface and above a cavity.
The dendrite has one long branch lying on the surface with side branches in the same plane. We The growth mechanism of whiskers is still controversial in the literature. It is generally accepted that the growth of whiskers is due to internal mechanical stress in the alloy during cooling. Even more, several authors claim that a screw dislocation is at the origin of their growth [10 -12] .
We have also performed Electron Back Scattered Diffraction (EBSD) analysis on different surfaces. Deduced from the pseudo Kikuchi resolved figures, the principal axis of the dendrites grows along the c axis direction. The surface formed by the dendrites growth is oriented along the [110] direction. It has been impossible to get such information on whiskers, due to the imperfect state of their surface and to the low thickness probed by EBSD technique. In order to get the whiskers orientation, we have used X-ray diffraction measurements. We have found that the whiskers grow along the c axis direction and that each surface is oriented along the [110] direction (see fig. 2 ).
In the inset of figure 7 a zoom of a diffraction image of the reflections (110) and (001) is shown, as well as the angle dependence of its intensities in semi-log scale. The measurements have been developed in the ID27 beam line of the ESRF in a transmition configuration using a MARCCD detector with a focused X ray beam of (intensity is given in log scale). The half width half maximum of a Gaussian fit is represented by Δ in both cases. It can be observed that the mosaicity of these two reflections is better than € 0.15 o . In the inset, a diffraction CCD image of the whisker is shown.
X-ray diffraction refinement
A whisker of dimensions 65 x 30 x 600 µm 3 4.190 (2) Å. The reflections were integrated using the EvalCCD suite [13] and anisotropic effects were corrected using the Sadabs program [14] leading to a Rint of 8.47% for all 1650 reflections averaged from 21612 measured ones. This rather high value of Rint is probably due to the high absorption (µ=425.9 cm -1 ) and strongly anisotropic shape of the sample. Analysis of the systematic extinction conditions leads to the P4/mbm space group. The structure was solved by direct methods using the Sir97 program [15] . The refinement was carried out using the Jana2000 program [16] . All atoms were refined with anisotropic atomic displacement parameters and an isotropic extinction correction, using a 1/sig(Fo) 2 These results are very close to those reported by Becker et al. [3] and obtained for a bulk single crystal. 
Electrical resistivity measurements
We carried out measurements of electrical resistivity from 300K down to 2K on a whisker. We used a traditional four-wire technique with an automatic resistance measurement apparatus TRMC2 [17] . The typical contact resistances were several Ohms. Around 77K, the calibration of the thermometer was checked with the boiling temperature of nitrogen at ambient pressure. Moreover, to check the absence of any self-heating, different current densities ranging from 0.02 A/cm 2 to 20 A/cm 2 were used.
The resistivity of the whisker is shown figure 8 . This is quantitatively the same temperature dependence as in c-axis bulk samples reported in the literature [3] .
Below 76.6K, a clear jump on the resistivity of 30% is due to the formation of the Charge Density Wave. A highly reproducible temperature hysteresis of 1K wide has been measured.
The same width has been measured with different speeds ranging from 50mK/min to 500mK/min. The hysteresis appears over the whole transition jump contrary to previous report on bulk sample [18] . This hysteresis is a clear evidence of the 1 st order nature of the transition previously reported [3] . At lower temperature a full superconducting transition is measured. The critical temperature is 4.1K (50% of the residual resistivity) and 35mK wide (10%-90% criterion). No significant changes were observed with current densities from 20A/cm 2 down to 0.02 A/cm 2 . 
Conclusion
High quality single crystal whiskers of Lu 5 Ir 4 Si 10 were successfully grown. They exhibit a very regular shape of a plate like crystal with typical dimensions 15 x 60 x 1000 µm 3 . X-ray diffraction data confirmed that whiskers grow along the c direction and the faces are oriented along the [110] direction. The mosaicity has been measured and is found to be almost perfect:
below 0.15°.
The structure of the whisker was resolved and we confirmed that whiskers crystallise in the same tetragonal P4/mbm space group as bulk single crystal obtained by different techniques.
Lattice parameters are a=12.484(1 )Å and c=4.190(2) Å.
Electrical resistivity versus temperature measurements performed with current apply along the whisker axis show the same typical dependence as c-axis bulk sample. Whiskers have a sharp superconducting transition at 4.1K and a CDW transition at 77K. A temperature hysteresis study has confirmed the first order nature of the CDW transition.
